Well fluids, well steam and natural gas discharges were sampled following standard protocols for fumaroles (Giggenbach, 1975; Cioni and Corazza, 1981) and bi-phase well discharges (Arnórsson et al. 2006) . A variety of analytical setups was used to analyse the stable isotopic composition of n-alkanes, CO 2 and water. Carbon isotope analysis of n-alkanes and CO 2 were performed using analytical setups described by Fiebig et al. (2015) . For hydrogen isotope analysis of CH 4 , a sample preconcentration system was connected to a GC/TC (Thermo Finnigan), equipped with a Porapack Q column. CH 4 was separated from H 2 by keeping the column isothermal at -50 °C and finally introduced into a MAT 253 gas source mass spectrometer (Thermo Finnigan) using He as a carrier gas. The hydrogen isotopic composition of water was analysed using a TC-EA (Thermo Finnigan). Raw isotopic data were corrected analysing isotopic reference materials (whose known isotopic compositions bracket those of the samples) along with the samples, following the principle of identical treatment of sample and reference materials (e.g., Meier-Augenstein and Schimmelmann, 2019). Methane#1, methane#3, ALM methane#7 (all supplied by A. Schimmelmann, Indiana University) and two inhouse CH 4 standards (calibrated against methane #1, #3 and #7) were used for the correction of raw 13 C 1-4 and raw 2 H-C 1 , three inhouse CO 2 gases anchored on the VPDB-LSVEC for the correction of raw 13 CO 2 , and three inhouse water samples calibrated on the VSMOW-SLAP scale for the correction of raw 2 D-H 2 O. External precision for carbon isotope analysis was ±0.5 ‰ for n-alkanes
Modelling of open system cracking of organic matter
A variety of parameters controls the carbon and hydrogen isotopic composition of gaseous n-alkanes deriving from the thermal decomposition of organic matter. Amongst these are temperature, the initial isotopic composition of the parental organic matter, site specific isotope fractionations inside the parental organic matter (as each n-alkane can be derived from different precursor sites within), the degree of cracking and open vs closed system degassing (Clayton, 1991; Rooney et al., 1995; Berner et al., 1995; Lorant et al., 1998) . Both pyrolysis experiments and theoretical computations provided evidence that the apparent carbon isotope fractionation between a given precursor site in the organic matter and the evolving gaseous n-alkane decreases with the number of carbon atoms constituting the n-alkane and with temperature (Clayton, 1991; Berner et al., 1995; Tang et al., 2000) . If site-specific isotope fractionations within the organic matter can be neglected, generated n-alkanes can, therefore, be expected to approach the carbon isotopic composition of the initial source material with increasing chain length and with increasing temperature (Chung et al., 1988) . Upon degassing, the different precursor sites inside the organic matter will, however, change their isotopic compositions differently, depending on the magnitude of isotope fractionation between a given n-alkane and its corresponding precursor site, the mode of gas generation (closed vs. open system) and the fraction of n-alkane generated (Clayton, 1991; Rooney et al., 1995) . For a given n-alkane precursor site, the effect of open system cracking on its bulk carbon isotopic composition can be modelled using equation (3) of Clayton (1991):
13 C PS = (1000 + 13 C I ) * f PS ( C -1) -1000 (Eq. S-2)
where 13 C PS is the carbon isotopic composition of the precursor site specific for a given n-alkane inside the organic matter, 13 C I the initial carbon isotopic composition of the specific precursor site,  C the carbon isotope fractionation factor between a given n-alkane and its precursor site and f PS the fraction of residual precursor sites. Further, it is
and where f n-alk is the fraction of n-alkane generated and 13 C n-alk the carbon isotopic composition of the corresponding instantaneously generated fraction of n-alkane. Insertion of (Eq. S-2) and (Eq. S-3) in (Eq. S-4) yields 13 C n-alk =  C * (1000 + 13 C I ) * (1 -f n-alk ) ( C -1) -1000 (Eq. S-5) 3.2.1. Modelling the carbon isotopic compositions of instantaneously generated fractions of methane, ethane and propane. Equation S-5 can be used to model the evolution of the carbon isotopic composition of a given n-alkane as a function of the fraction of n-alkane generated b, c) . See there for more specific details on -values and 13 C I chosen for data modelling.
3.2.2.
Modelling the carbon and hydrogen isotopic compositions of instantaneously generated fractions of methane. The carbon and hydrogen isotopic compositions of instantaneously generated fractions of methane have been modelled as a function of the fraction of residual precursor sites for open system cracking of both marine and terrestrial organic matter in Figure 2a . In analogy to Equation S-5, the following equations were used for this purpose:
For open system cracking of marine organic matter,  C and  H were set to 0.983 and 0.909, respectively (as constrained from pyrolysis experiments of marine kukersite; Berner et al. 1995) , and the initial isotopic composition of methane precursor sites ( 13 C (CH 4 )I , 2 H (CH 4 )I ) was assumed to be identical to the average isotopic composition of marine organic matter ( 13 C = -20 ‰, 2 H = -100 ‰; Schoell, 1984) . For open system cracking of terrestrial organic matter,  C and  H were set to 0.9958 and 0.8333, respectively (as constrained from pyrolysis experiments of terrestrial xylite, Berner et al., 1995) , and the initial isotopic composition of methane precursor sites ( 13 C (CH 4 )I , 2 H (CH 4 )I ) was assumed to be identical to the average isotopic composition of C3 plants ( 13 C = -28 ‰, 2 H = -100 ‰; Schoell, 1984).
Additional Data (Displayed in Figures)
Figures 1c and 2c also show the isotopic composition of n-alkanes previously identified to be abiotic in origin. These include data from (ultra)mafic hydrothermal systems (Lost City: Proskurowski et al. (2006) , unsedimented mid-ocean ridges: McCollom and Seewald (2007) , Socorro : Taran et al. (2010) ), continental volcanic-hydrothermal systems (Milos: Botz et al. (1996) ), ophiolites (Zambales: Abrajano et al. (1988) Etiope et al. (2015) , Ronda: Etiope et al. (2016) ). Craton gases and (hyper)alkaline spring gases with a predominant microbial contribution were excluded, as was previously done in the correlation plots of 2 H-CH 4
vs. 13 C-CH 4 compiled by Etiope and Sherwood Lollar (2013) and Etiope (2017) .
Geochem. Persp. Let. (2019 ) 11, 23-27 | doi: 10.7185/geochemlet.1920 SI-4 SI-5 Figure S-1 The concentration of n-alkanes in volcanic-hydrothermal fluids in Iceland. Systems sourced by (a) meteoric water and (b) a mixture of meteoric water and seawater. Also shown are the ranges of concentrations of DOC in non-thermal meteoric surface waters in Iceland (Eirkisdottir et al., 2016; Chliffard et al., 2018) and DOC and POC for seawater in Iceland (Fontela et al., 2016) . Total concentrations of n-alkanes (sum of methane, ethane, propane and n-butane) in the hydrothermal fluids are generally below the concentrations of organic matter in the source fluids. The volcanic-hydrothermal systems in Iceland are of recent geological age and characterised by the absence of organic sediments. For more complex systems, with multiple phase relationships (vapour, liquid, brine and halite) like sub-seafloor systems, and those associated with sedimentary deposits within the reservoir, mass balances are, however, difficult to constrain.
Supplementary Tables

Supplementary Figures
Figure S-2 Apparent isotope fractionations vs. well reservoir temperatures. All well reservoir temperatures were determined from quartz-solute thermometry (Gunnarsson et al., 2000) . ( (Bardo and Wolfsberg, 1976) with the experimental CH 4 -H 2 fractionation (Horibe and Craig, 1995) , whereas HCS is based on a combination of the experimental H 2 -H 2 O (v) (Suess, 1949) with the experimental CH 4 -H 2 fractionation (Horibe and Craig, 1995) . Both the theoretical and experimental H 2 -H 2 O (v) fractionations were corrected for a density effect (Driesner, 1997) considering that gaseous water molecules above 200 °C do not behave ideal, but form polymers. For further information see Supplementary Information. The size of the markers roughly corresponds to analytical precisions of isotope analyses. Data implies that hydrogen isotope equilibrium between CH 4 and water is attained at highest reservoir temperatures of ≥300 °C. Isotope fractionation associated with steam separation seems to be of minor importance only since the hydrogen isotopic composition of the steam always corresponds to that of the discharged liquid water (Table S-2) . (b) 1000ln(CO 2 -CH 4 ) vs. reservoir temperature. Carbon isotope equilibrium (Horita, 2001 ) is marked by the red line. There is no indication that apparent carbon isotope fractionations vary with reservoir temperature and attain equilibrium. C of instantaneous methane, ethane and propane as a function of generated fraction of n-alkane. Methane, ethane and propane derive from different precursor sites within the organic matter, and each generated n-alkane is characterised by its own specific carbon isotope fractionation factor with respect to its precursor site (for further information see Supplementary Information). During progressive cracking, instantaneous fractions of methane can become highly enriched in 13 C and finally even exhibit a carbon isotope reversal with respect to ethane. (a) 13 C of the initial precursor sites corresponds with -20 ‰ to the average carbon isotopic composition of marine DOC. Carbon isotope fractionation factors between precursor sites in the organic matter and the respective n-alkanes correspond to those determined from pyrolysis of marine kukersite (Berner et al., 1995) . According to these experiments methane from marine organic matter may have the potential to become highly enriched in 13 C during late stage cracking (fraction of generated methane → 1). (b) 13 C of the initial precursor sites corresponds with -28 ‰ to the average carbon isotopic composition of terrestrial C 3 plants. Carbon isotope fractionation factors between precursor sites in the organic matter and the respective n-alkanes correspond to those determined from pyrolysis of terrestrial xylite (Berner et al., 1995) . (c) 13 C of the initial precursor sites corresponds with -20 ‰ to the average carbon isotopic composition of marine DOC. Carbon isotope fractionation factors between precursor sites in marine organic matter and the respective n-alkanes chosen to match Tables S-2 and S-3. The grey shaded field indicates hydrothermal temperatures ≥300 °C, i.e. a range within which hydrogen isotope equilibrium between H 2 O (v) and CH 4 might be attained, as implied by Fig. S-2a . Within this range, the apparent hydrogen isotope fractionation between H 2 O (v) and CH 4 corresponds to reasonable hydrothermal temperatures (up to 450 °C, Table S-1). Within the same range the apparent CH 4 -CO 2 isotope fractionation is largely variable and extends to very small values corresponding to temperatures exceeding 1000 °C. This provides additional evidence that the apparent carbon isotope fractionation between CO 2 and CH 4 only fortuitously corresponds to equilibrium in some systems. During the stage where either the hydrogen isotopic composition of methane or that of the decomposing organic matter at depth becomes buffered by the isotopic composition of water, methane is further distilled out of the system, leaving the methane precursor sites in the organic matter and, hence, the instantaneous fractions of generated methane progressively enriched in 13 C.
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